Objectives: The Relational and Item-Specific Encoding task (RISE) was designed to assess contributions of specific encoding and retrieval processes to episodic memory in schizophrenia. This manuscript describes how a cognitive neuroscience functional imaging paradigm was translated for clinical research.Methods:TheRISEmanipulatesencodingbyrequiring participants to decide whether stimuli are ''living/nonliving'' (item-specific) or whether one stimulus fits inside the other (relational) and estimates familiarity (F) and recollection (R) by examiningreceiveroperatorcharacteristics(ROC)andassessing item and associative recognition. Two studies examined psychometric characteristics and tested the hypothesis that patients have differential deficits in relational vs item-specific encoding and disproportionate impairments in recollection vs familiarity.Results:Study1, usingvisual objects, providedsupport for the encoding hypotheses and revealed good internal consistency and alternate forms reliability, with small differences between test forms. ROC analysis revealed R and F deficits, with F deficits most prominent following relational encoding. Study 2 used word stimuli, which lowered item recognition, but patients had difficulty understanding task demands, and words were less desirable for non-English speaking clinical trials, leading to the decision to proceed with the original task. Conclusions: The RISE is a valid and reliable measure of itemspecific and relational memory that is well tolerated, with good psychometric characteristics and equivalent forms to facilitate treatment studies. Results indicate that episodic memory in schizophrenia is most preserved under conditions promoting item-specific encoding that is supported by familiarity-based recognition and is most impaired under relational encoding and recollection-based retrieval conditions.
Introduction
Episodic memory 1 refers to the ability to remember past events. Although individuals with schizophrenia have pronounced episodic memory impairments, 2, 3 it remains unclear whether these deficits are due to problems at encoding, information retrieval, or some combination. The Relational and Item-Specific Encoding task (RISE) was designed to assess contributions of different encoding and retrieval processes to episodic memory in schizophrenia. Here, we describe how this paradigm, inspired by basic cognitive neuroscience research, 4 was translated for clinical research. In addition to reporting group differences, psychometric data are provided on internal consistency, alternate forms reliability, presence of ceiling or floor effects, and difficulty levels between task conditions. The encoding manipulation in the RISE comes from basic research distinguishing between ''relational'' encoding that promotes memory for associations between items and ''item-specific'' encoding that enhances distinctiveness of specific items. [5] [6] [7] In the RISE, relational encoding was operationalized by presenting pairs of items and prompting participants to decide whether, in real life, one of the items could fit inside the other (see figure 1 ). Item-specific encoding was operationalized by presenting single items and prompting participants to decide whether each was living or nonliving. Studies have shown that, although both processes are effective, they tend to have different effects on memory. 5, 6, 8, 9 For instance, item-specific encoding is optimal when source memory for item details is tested, whereas relational encoding is optimal when memory for associations between items is tested (eg, associative recognition). 10 Nonetheless, both item-specific and relational encoding can benefit performance on item recognition tasks to an equivalent degree. 4, 9 Little work has been done to dissociate these 2 encoding processes in schizophrenia. However, retrieval studies using list learning, 11 inference tasks, 12 and transverse patterning tasks 13 have found that patients have severe deficits when relational information must be retrieved, 14 but relatively unimpaired performance when provided with item-specific encoding strategies and asked to recognize whether items were previously studied. 15 Thus, our first hypothesis was that individuals with schizophrenia have a disproportionate impairment in their use of relational vs item-specific encoding and, as a result, show disproportionate deficits for items studied during relational encoding.
The RISE also assesses retrieval by incorporating tests of item and associative recognition. During item recognition, participants make ''old/new'' judgments on a series of items and indicate decision confidence (low, medium, or high). Item recognition can be supported by assessing familiarity of studied items or by recollecting contextual details associated with study events. 16, 17 By combining old/new and confidence data, receiver operator characteristic (ROC) analysis 18 can examine recognition discriminability as a function of response criterion. In addition, a dual-process model 19 can be used to estimate the extent to which item recognition is supported by familiarity (F) or recollection (R). During the associative recognition test, participants are presented with ''intact'' studied item pairs or ''rearranged'' item pairs consisting of studied items not originally paired together. Because all items on the test are familiar, associative recognition relies largely on recollection of some aspect of the encoding event to discriminate studied and rearranged pairs. Previous research of schizophrenia patients using the remember/know (R/K) test procedure 20 have suggested that patients have a specific recollection deficit. [21] [22] [23] Therefore, our second hypothesis was that patients have disproportionate deficits in recollection vs familiarity-based retrieval that would be evident in ROC analysis of item recognition. Also, because associative recognition relies more on recollection than does item recognition, we predicted that patients would be disproportionately impaired on associative recognition.
Methods

Study 1
Participants. As described in our companion article, 24 recruitment was through the Cognitive Neuroscience Test Reliability And Clinical applications for Schizophrenia (CNTRACS) Consortium, including 5 research sites: University of California-Davis, Maryland Psychiatric Research Center at the University of Maryland, University of Medicine and Dentistry of New Jersey, University of Minnesota-Twin Cities, and Washington University in St Louis. Participants were recruited nearly equally across the 5 sites and were recruited from outpatient psychiatric clinics, community centers, and local settings via flyers, and online advertisements.
Data were obtained on 74 healthy controls and 104 patients with schizophrenia. One control and 9 patients were excluded for below-chance performance on any version of the item and associative recognition tasks, with 2 additional patients excluded for a positive drug screen, leaving a final sample of 73 controls and 93 patients (table 1) . Below-chance performance was defined as a hit rate (ie, correct identification of studied items) below 0.50. T-tests revealed that excluded patients were older (47.9 6 5.2 vs 37.5 6 11.7 y, P < .0001) and had lower estimated community function (Specific Level Handedness (% right) 82 81 ns
Note: ns, not significant group difference at P < .05, 2 tailed. BPRS, Brief Psychiatric Rating Scale; UPSA, University of California San Diego Performance-Based Skills Assessment. ). Therefore, any between-group differences in the full sample will also be investigated using a smaller control sample that is also matched on gender and WTAR. After complete description of the study, written informed consent was obtained. The study was approved by the Institutional Review Board at all participating research sites.
Materials. Stimuli consisted of 432 visual object representations of word stimuli employed in the original study. 4 Visual objects were used to improve understanding of encoding instructions and facilitate use in future nonEnglish speaking clinical trials. Visual objects were selected from a standardized corpus of photographic images (http://cvcl.mit.edu/MM/) 25 and divided into groups of 144 stimuli for each of the 3 test forms. For each form, a list of 36 items was assigned to item encoding, 36 assigned to relational encoding, and 72 served as foils for recognition testing. Lists and test forms were matched for the word length and frequency of the original word stimuli based upon study norms. 4 Procedure. Tasks were presented with E-Prime(r) (version 2.0). Subjects performed 2 incidental encoding tasks (figure 1A): (1) item-specific encoding-36 stimuli were presented for 2 seconds each, with a 1-second interstimulus interval (ISI), and subjects made a 2-button ''yes/no'' response indicating whether objects were ''living.'' This semantic encoding manipulation controlled for potential group differences in strategy generation 15 and was superior to a ''pleasant/unpleasant'' decision that produced ceiling effects during piloting. (2) Relational encoding-18 object pairs were presented for 4 seconds, with a 1-second ISI, and subjects made a 2-button yes/no response indicating whether 1 item could fit inside the other. Because individuals with schizophrenia have prominent task-switching difficulties, 26 encoding conditions were alternated in a pseudorandom block design (3 item blocks-12 trials each and 3 relational blocks-6 trials each). Three-second instruction screens announced changes between encoding blocks and encoding decisions (''living?'' or ''inside?'') remained visible to remind subjects of the current condition.
After encoding, 2 retrieval tasks were administered (figure 1B): (1) item recognition-all 72 studied objects (36 item-specific and 36 relational targets) were randomly intermixed and presented with 72 new unstudied foils, and subjects indicated whether each item was ''old'' (left hand response) or ''new'' (right hand response) and rated confidence using 1 of 3 buttons (ie, 3 = high, 2 = medium, and 1 = low). (2) Associative recognition -all 18 object pairs studied during relational encoding were randomly intermixed and presented with 18 rearranged object pairs consisting of items presented on different trials during relational encoding and not originally paired together (eg, left item on trial 5 paired with right item on trial 16). Subjects made 2-button yes/no responses indicating whether items in each pair had been presented ''together.'' To prevent additional encoding of relational object pairs during retrieval, item recognition preceded associative recognition.
Both retrieval tasks were self-paced, and subjects were instructed to, ''Work as quickly and accurately as you can.'' As an index of overall recognition accuracy, we subtracted the proportion of false alarms (ie, new items incorrectly accepted as old) from the proportion of hits (ie, old items correctly accepted as old) in each condition. F and R estimates were also calculated and used to identify group differences in retrieval processes on the item recognition task. These were calculated by using confidence ratings to plot ROC curves, which were then fitted to the dual-process signal detection model (DPSD) 25 to derive independent estimates of F and R. 9, 10 ROCs are generated by plotting hits against false alarms as a function of response confidence. The first point of the function reflects the strictest criterion such that only the most confidently recognized items (3) are treated as a hit or a false alarm. Each subsequent point reflects a less strict response criterion (eg, accepting both ''2'' and ''3'' as acceptable hits or false alarms). The shape of the ROC is used to infer the contribution of R and F to overall performance using a curve-fitting search algorithm. 25 The method effectively measures R as the y-intercept and F as the degree of curvilinearity of the function. Subjects successfully completed practice tasks prior to beginning. Task duration was 15-20 minutes.
Results
Study 1
Reliability. As described in the companion article, 24 participants received each of the 3 forms of the RISE and the other CNTRACS tasks over 3 testing sessions, which occurred within approximately a 1-month period. During a given session, the version of the RISE was counterbalanced using a latin squares design, and participants never did more than one version of the task in a single session.
Alternate forms reliability was investigated in a subsample of 64 controls with complete data on all 3 forms. As seen in figure 2, recognition accuracy was generally equivalent, with small differences between forms. There were no form differences in the item recognition task following item-specific encoding (F 2,62 < 1). However, in the relational encoding condition, there was an effect of test form on item recognition (F 2,62 = 6.2, P < .005), with lower performance on form C than on either form A (F 1,63 = 11.1, P < .005) or form B (F 1,63 = 10.1, P < .005).
The size of these differences was small (Cohen's d = 0.32 and 0.38, respectively). For the associative recognition task, there was also an effect of test form (F 2,62 = 7.4, P < .005), with higher performance on form A than form B (F 1,63 = 8.6, P < .005; Cohen's d = 0.33) or form C (F 1,63 = 12.4, P < .001; Cohen's d = 0.23). Examination of alternate forms reliability coefficients (Pearson's r) confirmed that tasks had acceptable levels of agreement (r values from .61 to .79) for all possible combinations (table 2) .
Internal consistency was examined by calculating intraclass correlation coefficients (ICC) for test item responses in the same subsample of 64 healthy controls. As seen in table 3, there was acceptable internal consistency (ICCs from .61 to .91) for item and associative recognition across forms and encoding conditions. Given acceptable levels of alternative forms reliability and internal consistency, data were collapsed across forms for subsequent analyses.
Difficulty. Difficulty levels were examined to identify any floor or ceiling effects and confirm equivalent difficulty to facilitate investigation of differential deficits. Table 4 summarizes task performance in all conditions for the full sample of 73 controls and 93 patients. In controls, accuracy on the item recognition task was high (above 85%), but below ceiling (less than 100%), and was substantially better than on the associative recognition task. When these values were entered into an ANOVA, there was a main effect of test variable (F 2,71 = 152, P < .0001). Follow-up analyses revealed that this was due to better item recognition in the item encoding than in the relational encoding condition (F 1,72 = 24.0, P < .0001). Item recognition was also better than associative recognition for both item encoding (F 1,71 = 309.9, P < .001) and relational encoding conditions (F 1,71 = 273.6, P < .0001). Encoding condition differences in item recognition were small (Cohen's d = 0.24). However, associative recognition was substantially more difficult than item recognition (Cohen's d = 1.72), which was not surprising because it requires not only memory for each item but also for which items were paired together at study. These differences in task difficulty suggest caution in interpreting differential deficit, as the discriminating power of the tasks may not be equivalent 27 -particularly in comparisons of item and associative recognition. Therefore, item recognition and associative recognition were examined separately.
Effect of Schizophrenia.Encoding Responses Although patients had a higher rate of nonresponses than controls across the 2 encoding tasks (t 163 = À5.1, P < .0001), all participants were fully engaged, and the number of nonresponses across the 72 encoding trials remained low in both groups (mean 6 SD: controls = 1.6 6 1.3; patients = 3.8 6 3.3).
Item Recognition Figure 3A illustrates item recognition discriminability for the full sample of 73 controls and 93 patients. ANOVA revealed effects of group (F 1,164 = 50.0, P < .0001), encoding condition (F 1,164 = 58.3, P < .0001), and a group by condition interaction Although controls were not at ceiling, their performance was at the upper range of recognition accuracy, raising the possibility that the group by condition interaction was influenced by a truncated range of control performance (ie, there may have been an even stronger item recognition impairment in patients with a more difficult task). To investigate this possibility, a quartile split was performed, and the highest performing quartile of patients and controls were eliminated, leaving a sample of 55 controls and 70 patients matched on age and parental education. Eliminating this top quartile moved controls further away from ceiling for item recognition following item-specific (0.85 6 0.13 vs 0.87 6 0.12) and relational encoding (0.82 6 0.12 vs 0.84 6 0.11). As in the full sample, accuracy in controls remained significantly higher in the item than relational encoding condition (F 1,54 = 16.6, P < .0001; Cohen's d = 0.23). When the between-group analysis was repeated, significant main effects of group (F 1,123 = 46.7, P < .0001) and encoding condition (F 1,123 = 48.2, P < .0001) and a group by condition interaction (F 1,123 = 6.2, P < .05) were observed. Again, effects of schizophrenia on item recognition were larger for relational than item-specific encoding. Finally, because the full sample was not matched on gender and estimated premorbid intellectual ability (see table 1), the analysis was also repeated for all 93 patients and a subsample of 61 controls matched on age, gender distribution, parental education, and intellectual ability. This analysis produced a similar pattern, with main effects of group (F 1,152 = 39.4, P < .0001) and encoding condition (F 1,152 = 59.2, P < .0001). However, the group by condition interaction was reduced to a trend level effect (F 1,152 = 2.9, P = .09). Thus, more severe patient deficits in item recognition following relational vs itemspecific encoding did not appear secondary to a restricted range of control performance but were less prominent when group differences in premorbid intellectual ability and gender were taken into account.
Familiarity and Recollection Confidence ratings were used to plot ROC curves and fit them with the DPSD model 18 to obtain F and R estimates in the full sample of 93 patients and 73 controls. Examination of these parameter estimates revealed 3 patients and 4 controls with extreme F values (ie, > 2.5 SD beyond their respective group mean) because they did not distribute their responses. These participants were removed as outliers, leaving 90 patients and 69 controls for subsequent analyses. As can be seen in figure 4 , the remaining sample utilized the full range of confidence ratings to distribute their responses. A small residual sum of squares error in patients (SSE = 0.0018) and controls (SSE = 0.0012) confirmed an excellent fit when the DPSD model was applied to these ROC data.
The ANOVA of R and F revealed main effects of group (F 1,157 = 23.7, P < .0001), and test parameter (F 1,157 = 87.2, P < .0001). There were also 2-way interactions between encoding condition and group (F 1,157 = 6.7, P < .05) and encoding condition and test parameter (F 1,157 = 4.6, P < .05) and a 3-way interaction between encoding condition, test parameter, and group (F 1,157 = 5.8, P < .05). Contrary to predictions, patients had deficits in recollection-and familiarity-based retrieval (table 4) . Whereas recollection was impaired across conditions (F 1,157 = 31.0, P < .0001), familiarity deficits were most prominent following relational vs item-specific encoding (F 1,157 = 6.4, P < .05) as illustrated in figure 5 .
Associative Recognition Associative recognition discriminability for the full sample of 73 controls and 93 patients is illustrated in figure 3B and summarized in table 4. The ANOVA revealed a large effect (Cohen's d = 1.07) of schizophrenia, such that patients were significantly impaired (F 1,164 = 95.4, P < .0001). The same pattern of results was observed in the comparison between Fig. 4 . Distribution of confidence ratings (mean 6 SE) for new and old items during the item recognition task in patients (red bars) and healthy controls (blue bars). Confidence ratings for previously studied targets (old) are represented by solid bars, and confidence ratings for neverstudied foils (new) are represented by shaded bars. As can be seen, the largest proportion of responses are high confident responses during correct identification of targets as old (right most end of graph) and correct rejection of foils as new (left most end of graph).
patients and the demographically matched subsample of 61 controls (F 1,152 = 37.1, P < .0001).
Summary. Study 1's revisions of the original task 4 appeared to optimize tolerability and comprehension, as all patients understood the task, and only 6% were excluded for below-chance performance. Psychometric analysis revealed that there were small effects of encoding condition on item recognition accuracy in controls, with better performance following item-specific than relational encoding. However, the difference in control performance on associative and item recognition tasks was large, with substantially better performance on the item recognition task. The 3 test forms also appeared generally well matched, with acceptable levels of internal consistency and alternate forms reliability, despite some small test form differences. Between-group analysis supported our hypothesis of a disproportionate patient deficit in item recognition deficit following relational vs item-specific encoding. Contrary to predictions, patients had both R and F retrieval deficits, with R impaired across conditions, and F showing the strongest impairments following relational encoding. There was also a large effect of schizophrenia on associative recognition, consistent with the patients' overall recollection deficit.
One concern raised in study 1 was that item recognition was quite high in the control group. Therefore, the aim of study 2 was to modify the RISE to increase the difficulty of the item recognition task while equating the difficulty of item-specific and relational encoding conditions.
Methods
Study 2
Humans have a large capacity for storing and retrieving visual object details, 25 and we speculated that this may have driven the high item recognition in controls. We, therefore, replaced visual objects used in study 1 with word stimuli used in the original version of the task. 4 Because words are less salient than objects, we reasoned that this change would reduce item recognition equally for the 2 encoding conditions.
Participants. Multisite data were obtained on 64 controls and 49 patients. However, 2 controls and 13 patients were excluded for below-chance performance, leaving a final sample of 62 controls and 36 patients. Excluded patients had a larger proportion of males (89% vs 55%, P < .0001), lower daily skills (University of California San Diego Performance-Based Skills Assessment total = 68.4 6 16.7 vs 82.5 6 10.9, P < .005) and social acceptability (SLOF social acceptability = 4.1 6 0.5 vs 4.5 6 0.4, P < .05) but higher interpersonal skills (SLOF interpersonal skills = 4.9 6 0.1 vs 4.5 6 0.4, P < .05) than included patients. Diagnosis, assessment, and exclusion procedures were identical to study 1. Thirty-three patients were receiving antipsychotic medication (2 typical and 31 atypical), and 3 were not medicated. Groups were matched on age, gender, handedness, and intellectual ability (table 5) . However, patients had lower education and parental education. After complete description of the study, written informed consent was obtained. The study was approved by the IRB at all participating research sites.
Materials and Procedure. The RISE2 was developed following identical procedures to study 1. The only change was that visual objects were replaced with words. Table 6 summarizes recognition accuracy in controls across the 3 retrieval conditions. A comparison of control performance on study 1 and study 2 confirmed that use of words lowered item recognition accuracy (F 1,133 = 46.7, P < .0001). In experiment 2, healthy controls showed a small trend toward differential item recognition between the item-specific and relational encoding conditions (F 1,61 = 3.1, P = .08), and performance was significantly lower on the associative than on the item recognition task (F 1,61 = 38.3, P < .0001).
Results
Difficulty
Reliability and Effects of Schizophrenia
Briefly, internal consistency and alternative forms reliability were somewhat lower than in study 1 but remained within an acceptable range (ie, above 0.60 in most cases). Examination of group differences in item recognition replicated the study 1 finding of a greater familiarity deficit in patients following relational vs item-specific encoding but did not find a group by condition interaction for recognition accuracy. As previously, recollection was impaired across conditions, and there was a large effect of schizophrenia on associative recognition. Detailed results are provided in online supplementary materials.
Summary
Study 2 attempted to lower item recognition in controls by replacing visual objects with words. This approach was successful as controls had lower item recognition in study 2 than in study 1. Difficulty was also more closely matched between item-specific and relational encoding conditions, although associative recognition remained more difficult than item recognition. Unexpectedly, patients had greater difficulty understanding task instructions, with a 2-fold increase in subject exclusion for below-chance performance in study 2 (13%) vs study 1 (6%). Given this increased data loss and the potential difficulty of adapting a verbal task for future non-English speaking clinical trials, the decision was made to proceed with the original visual object version of the RISE for ongoing development.
Discussion
In the present study, we translated a paradigm designed to examine memory and brain function in young healthy individuals 4 into a clinical measure to be used as a biomarker to facilitate discovery of memory-enhancing agents and identify neural mechanisms of specific encoding and retrieval deficits in schizophrenia. In healthy controls, the RISE had an absence of ceiling or floor effects, acceptable internal consistency, and good reliability between 3 alternative forms. Item recognition accuracy in healthy participants was somewhat higher following item-specific encoding than following relational encoding. Between-group comparisons revealed that the magnitude of episodic memory deficits in schizophrenia depended upon how information was studied, and what processes were required for retrieval. As in a previous levels-of-processing study, 15 memory appeared less impaired when patients were required to focus on item features to make a semantic decision during encoding and then use the familiarity strength of those feature representations to recognize items as old or new. However, familiarity and recognition accuracy on that same item recognition task was severely impaired when patients were required to process relationships between items during encoding instead of focusing on item features. Reduced R estimates and severe associative recognition impairments also suggested that patients were experiencing prominent recollection deficits regardless of whether they had performed item-specific or relational encoding.
These behavioral results are pertinent to an ongoing debate about the nature of memory impairment in schizophrenia. Several previous studies have indicated that schizophrenia patients have a specific impairment on memory tasks requiring conscious recollection and/or associative recognition and intact familiarity-based item recognition. For instance, studies using subjective report methods [21] [22] [23] indicate that patients might have specific recollection deficits and unimpaired or increased reliance on familiarity-based retrieval. Studies using associative and transitive inference paradigms 12, 28 and eye-movement memory measures 29, 30 have, likewise, provided evidence that relational memory may be specifically impaired, but item memory may be relatively spared. However, in a meta-analysis of associative and item recognition studies in schizophrenia, 31 investigators found medium-sized effects of schizophrenia on item and associative recognition that were of similar magnitude (ie, d = 0.48 and d = 0.40, respectively). Several source retrieval studies have also cast doubt upon the specific recollection deficit hypothesis, 32 and a recent patient study that carefully manipulated retrieval processes found evidence of familiarity and recollection deficits. 33 Present results indicate that, although conscious recollection and associative recognition are severely impaired in schizophrenia, familiarity is also significantly impaired depending on the way in which patients are oriented to encode information. When instructed to semantically encode item-specific information, patients showed a relatively small familiarity deficit (d = 0.27). However, when instructed to actively process relationships among pairs of items, patients showed a similar magnitude deficit in familiarity and recollection (d = 0.82 and d = 0.91, respectively). This familiarity deficit occurred because patients, unlike controls, failed to benefit from the relational vs item-specific encoding condition. This beneficial encoding effect in controls may appear counterintuitive as relational processing facilitates encoding of associations between items rather than encoding of specific item features. 6 However, creating item associations also activates lexical network representations, which could also increase the semantic strength of individual items, thereby facilitating familiarity-based retrieval (see ref. 34 ). The miss-match in stimulus presentation between relational encoding and item recognition conditions (ie, stimulus pairs vs individual items) may have also reduced the likelihood that these associations would be reactivated and used to support recollection at the time of retrieval.
In a previous functional Magnetic Resonance Imaging (fMRI) study of the original version of this task, Murray and Ranganath 4 found that activity in the dorsolateral prefrontal cortex (DLPFC) was higher during relational than item-specific encoding and that DLPFC activity specifically predicted successful memory for associations among items. This finding led the authors to conclude that the DLPFC may contribute to episodic memory encoding through its processing of relationships among items that are active in working memory. Thus, impaired DLPFC function during memory encoding might account for the current pattern of disproportionate item recognition deficits in patients following relational encoding. Further support for this hypothesis is provided by a recent metaanalysis of fMRI studies of episodic memory in schizophrenia 35 that found consistent DLPFC deficits in patients during episodic encoding. It is also notable that studies using a variety of process estimation methods, such as R/K, ROC, and source recognition paradigms, have indicated that PFC damage can impair both recollection and familiarity. [36] [37] [38] [39] In addition, functional imaging studies suggest that the PFC contributes to both retrieval processes. 40 In addition to these potential frontal lobe mechanisms, there is strong evidence from lesion studies of animals and studies of human amnesics 17, [41] [42] [43] that hippocampal dysfunction is specifically associated with impaired recollection. Thus, the current pattern of generalized recollection deficits and associative recognition impairments may also be reflecting hippocampal dysfunction in schizophrenia. However, these same lesion studies, and functional imaging studies in healthy participants (for reviews, see ref. [44] [45] [46] ), show that familiarity deficits are unrelated to hippocampal function, suggesting that current results cannot be explained by a focal hippocampal deficit. Other candidate regions include the perirhinal cortex, 47 ventrolateral PFC, 48 and/or DLPFC. 47, 49 Implementation of the RISE in an fMRI paradigm will allow us to directly assess these possibilities.
Although neural substrates need to be clarified, present results suggest that the RISE paradigm has sufficient reliability and sensitivity to detect memory deficits in schizophrenia. The ability to compare different encoding conditions and dissociate metrics of familiarity and recollection with a single task are unique strengths of this paradigm that distinguishes it from most current neuropsychological measures. The inclusion of an associative recognition task provides an added measure that is highly sensitive to memory impairment in schizophrenia. 14 However, there are some limitations and areas for future task development worth noting. One limitation of the RISE paradigm is that individuals are very good at recognizing visual objects, which created potential ceiling effects for the item recognition task. Although controls were not at ceiling, and prominent group and group by condition differences remained when lower performing participants were examined, the discriminating power of the task might be increased by reducing control performance through further modifications such as addition of a retention delay or decrease in stimulus presentation times. This is being investigated in ongoing research. A second limitation is that difficulty levels of different task conditions were not perfectly matched, reducing confidence in strong claims of differential deficits because of potential differences in discriminating power. 27 This was particularly true for the associative recognition task, which was substantially harder than item recognition. We, therefore, do not recommend use of the RISE as a sole measure of differential deficits in associative vs item recognition and, instead, suggest that the RISE associative recognition task be used as a supplementary measure, particularly in high-performing populations in which item recognition might be close to ceiling. Inclusion of the RISE in a larger battery of item and associative recognition tasks may also enable use of the process-dissociation procedure 50 to establish a differential deficit despite differences in discriminating power. It is unlikely, however, that differences in discriminating power can explain patients' disproportionate item recognition deficit following relational encoding. In healthy controls, relational encoding led to lower item recognition accuracy but higher item familiarity, as compared with item-specific encoding. Nonetheless, patients showed disproportionate deficits following relational encoding on both item recognition accuracy and item familiarity measures, indicating that the group by condition interactions for both of these measures could not simply be due to the higher discriminating power of one condition vs the other. However, if these same differences in task difficulty are observed in ongoing research, item analysis procedures will be used to adjust test items to better match control performance between the 2 encoding conditions. Item analysis procedures may also be used in future task development to adjust alternate forms if the small differences in control performance between forms observed in the current study are replicated in subsequent research.
In conclusion, this study indicates that the RISE is a valid measure of item-specific and relational encoding and retrieval, with acceptable internal consistency and alternate forms reliability that can facilitate longitudinal treatment studies. Results suggest that episodic memory dysfunction in schizophrenia is driven by specific deficits in encoding and retrieval. Impairments are most prominent when patients must form relational representations during encoding and recollect these relationships during retrieval. However, patients' item-specific processing and familiarity-based retrieval is also affected to a lesser extent, suggesting that both aspects of episodic memory are viable targets for treatment development. One possible strategy may be to develop cognitive training interventions to further strengthen patients' ability to encode item details and use familiarity to aid retrieval, while developing pharmacological agents and remediation procedures to improve relational encoding processes and recollection-based retrieval. 
